Salix americana willow bark is a waste arising in the process of wicker decortication that so far has not found any practical application. The bark can adsorb metal ions, because in its composition among others are phenolic groups which may be involved in the removal of metal ions from water solutions. The results of sorption of copper(II) and zinc(II) on modifi ed willow bark of Salix americana were presented. The bark was modifi ed with nitric and sulfuric acids at concentrations ranging from 5 to 15%. The best adsorption results were obtained using 15% nitric acid for modifi cation. Adsorption of metal ions from aqueous solutions at concentrations raging from 20 to 100 mg/dm 3 was studied. It was found that an increase in the initial concentration of copper(II) and zinc(II) resulted in an increase in their adsorption on the modifi ed cortex.
INTRODUCTION
Strong development of civilization to a large extent contributed to the accumulation of heavy metals in the environment. As a result, these elements are source of contamination of soil, water, plant and animal organisms. Regardless of the forms of occurrence heavy metals pose very large and constantly growing threat to the functioning of ecosystems. Among the many known sources of environmental pollution with heavy metals are particularly troublesome to industrial waste water, resulting of mining, metallurgical, electroplating, production of batteries or in tanning. More stringent and growing requirements concerning the content of metals in treated wastewater introduced into surface water, make use of at the stage of purifi cation of ever newer and more complex chemical processes, projects including ion exchange and adsorption
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. The choice of the process of removing the heavy metals most commonly determined by the form in which these elements are present in the solution. This is due to the pH values and their concentration in the solution, as well as the presence of organic and inorganic ligands 4 . The biggest threat to the environment are bioavailable forms of metals present in the form of compounds soluble in water, because they can be easily adsorbed by living organisms. These include, inter alia, copper, zinc, chromium, lead, cadmium and salts thereof. Excessive exposure to copper and its salts can cause serious toxicological concerns. Moreover, it can cause nausea, vomiting, headache, diarrhea, diffi culty breathing, renal failure, and consequently death 5, 6 . However, zinc can accumulate in the kidneys and liver, cause anemia, and thus reduce absorption of other elements. Zinc is also considered as a carcinogen. That is why it is so important to fi nd the right method for removing heavy metal ions from industrial effl uents before they get into the environment.
Wastewater containing heavy metals causes deterioration of water quality which is also affected by the adverse conditions of hydrochemical and destructive act primarily on the biocenosis and inhibit the self-cleaning process. Therefore, according to the Polish law, factories are required to treat sewage. For this purpose, inter alia, physico-chemical methods, which include membrane processes, precipitation, coagulation, ion exchange and adsorption. The choice of method depends on the type and composition of the effl uent and the form and concentration of the components removed, and above all, the required degree of purifi cation.
Membrane processes or precipitation of sparingly soluble metal compounds often require strict technological requirements, which carries high economic costs. Therefore, in recent years can be seen a huge interest in adsorption 7-10 , which allows complete removal of heavy metal ions from solutions even at low concentrations. As sorbents natural raw materials and waste from industry and agriculture can be used, which are available in large quantities and do not require complicated processing 11-14 . In addition, they contain in their composition substances such as proteins, polysaccharides and lignin that are associated with functional groups responsible for the adsorption of metal ions. Sorption capacity of raw biosorbents can be enhanced by modifi cation either by physical (e.g. heat treatment, pressure treatment) or chemical methods. However, chemical modifi cation is more effective than physical.
EXPERIMENTAL

Material
The bark of willow Salix americana used for the study came from Nowy Tomyśl. Bark fi bers were dried at about 100 o C in a laboratory oven to constant weight. Then portions were crushed into smaller fi bers in a blender. For the analyzes was used fraction of bark after sieving (<0.212 mm), in order to maximize sample homogenity, which was stored in polyethylene containers in a desiccator. All experiments were made in triplicate and only deionized water was used.
Experimental analysis
Weighed about 6 grams of bark were placed in conical fl asks and added 50 cm 3 portions of deionized water. Then the fl asks were shaken at room temperature under vacuum for 1.5 h, and after that to modify 50 cm 3 of nitric acid(V) at an appropriate concentration was dispensed and again shaken from 5 to 180 minutes. After rapid fi ltration the cortex was washed with deionized water and dried at room temperature for 48 h. In an analogous manner, the modifi cation of the cortex with sulfuric acid(VI) was performed. Weighed portions of approximately 1g of the modifi ed bark were treated with of CuCl 2 or ZnCl 2 at concentrations 20, 40 and 100 mg of Cu, Zn /dm 3 , respectively. Initial pH of all Cu(II) and Zn(II) test solutions was about 1.5 (no buffer was used). Then the conical fl asks were shaken for 120 minutes at room temperature. After that contents of the fl asks were transferred into a centrifuge tubes and centrifuged to separate phases for 15 min at 4000 revolutions per minute. Subsequently in aliquots of adsorbent above the solution concentrations of Cu(II) and Zn(II) were measured by atomic absorption spectrophotometry (F-AAS) at a wavelength λ = 324.800 nm for copper, and λ = 213.856 for zinc.
The surface structure of the Salix americana willow bark was examined in the infrared spectroscope using Fourier transform iattenuated total refl ection (FT-IR ATR) Spectrum 100 (Perkin-Elmer, Waltham, USA).
RESULTS AND DISCUSSION
First stage of the study was carried out to modify willow bark of Salix americana using acids: nitric and sulphuric acids at different concentrations (5, 10 and 15%) and different times of modifi cation (from 5 to 180 min). Adsorption of metal ions (A%) defi ned as the ratio of decrease in metal concentration after the adsorption (C o -C e ) to the initial concentration in aqueous solution (C o 18 . Good adsorption properties of raw bark 19, 20 induced research focused on sorbent's modifi cation. The purpose of modifi cation was to improve its adsorption properties with acid treatment. Inorganic acids were used as cheap oxidizing agents. Their role was to increase active surface and porosity of bark that was confi rmed both by obtained adsorption results of Cu(II) and Zn(II) ions and analysis of FTIR spectra of raw and modifi ed material 21 . Additionally, it was presumed that since sulfuric acid behaves as a dehydrating and oxidizing agent carbonization with partial oxidation took place to the cellulose and hemicelluloses as well as partial fragmentation of the lignin components. Modifi ed bark thus was loaded with functional carboxyl and hydroxyl surface groups 22 . Moreover, when nitric acid was used as modifying agent probably -NO 2 surface groups were formed. The obtained results show that the highest degree of removal of copper(II) and zinc(II) ions was achieved after 5 min of modifi cation process with 10% sulfuric acid (Fig. 1) in case of copper(II) ions and 5% sulfuric acid (Fig. 2) in of zinc(II) ions. The willow bark modifi ed with 15% sulfuric acid was characterized by the smallest adsorption capacity for both metal ions. As a result of modifi cation with nitric acid, it can be seen that the removal degree of zinc(II) and copper(II) from the solutions for all HNO 3 concentration and modifi cation times is high (from 80 to 100%). The highest ion adsorption capacity of Cu 2 + and Zn 2 + was observed on bark modifi ed with 15% nitric acid. At the same time the most favorable modifi cation time in case of Cu(II) adsorption was 120 min (Fig. 3) and 40 min in case of Zn(II) (Fig. 4) .
With increasing initial metal ion concentrations of the test solution, the amount of ions adsorbed on bark increased. In the case of Cu(II) adsorption on the bark modifi ed with nitric acid amount of adsorbed metal ions (q e ) was almost two times higher than the amount of Cu 2+ adsorbed on bark modifi ed with sulfuric acid (Fig. 5) . Inverse situation was found in the case of Zn(II) where amount of adsorption (q e ) was greater on bark modifi ed with sulfuric acid (Fig. 6) .
However, the mechanism of binding of investigated metal ions on bark's surface was not unequivocally recognized. Metal sorption was accompanied by a decrease in the fi nal pH. This suggest ion exchange mechanism as protons were released in solution. Moreover, on the basis of obtained results and analysis of FTIR spectra of bark before and after adsorption it can be presumed that sorption follows ion exchange and/or complexation mechanism.
CONCLUSIONS
Tests results of adsorption on modifi ed willow bark Salix americana showed that it can adsorb ions: Cu(II) and Zn(II). The bark that was modifi ed with nitric acid occurred to be a better adsorbent of Cu(II) and Zn(II) than bark modifi ed with sulfuric acid, and also showed greater amount of adsorption.
The percent removal of copper(II) ions from solution for all the tested modifi cation times and concentrations of HNO 3 was similar. However, differences were seen in case of adsorption (A%) of Zn(II) at different concentrations of the acid and times of modifi cation. The largest differences were observed in the case of bark modifi cation with 15% nitric acid, where the A% of zinc(II) increased with increasing time of modifi cation.
The most favorable results were achieved after Salix americana modifi cation with 15% nitric acid. The best results being achieved by modifi cation conducted for 40 min (for Zn 2+ ), and 120 min for Cu 2+ . However, in the case of modifi cation with sulfuric acid best results were achieved at acid concentration 10% for copper(II) and 5% for zinc(II), respectively. In most cases A% on nitric acid-modifi ed bark was about 100%, while at concentration 40 mg/dm 3 percent adsorption of investigated metal ions was approximately 80%.
Furthermore, with increasing metal ions concentration in the solution the amount of ions adsorbed increased. As shown in Figure 5 and Figure 6 , the data suggest that with increasing initial Cu(II) concentration amount of adsorption was higher when bark was modifi ed with 15% HNO 3 . Whereas, in case of Zn(II) with increasing initial Cu(II) concentration amount of adsorption was higher when bark was modifi ed with 15% H 2 SO 4 .
On the basis of obtained results it can be presumed that sorption follows ion exchange and/or complexation mechanism. 
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